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Ei-FECT  OF  CLAY  ON  THE  STRENGTH  OF  CONCRETE  AND  MORTAR. 

ConcretG  is  rapidly  becoming  recognized  as  one  of  the  best 
of  building  materials,  not  only  because  of  its  economy  but  also  be- 
cause of  the  variety  of  forms  of  construction  to  which  it  is  espe- 
cially adapted.   It  is  not  only  cheaper  per  cubic  yard  than  brick  or 
stone  masonry,  but  it  is  also  far  superior  to  either  when  used  in 
foundations  or  in  submarine  masonry  on  account  of  its  greater  hard- 
ness, strength,  and  durability,  F'urther,  because  of  its  impermea- 
bility, concrete  is  unexcelled  for  use  in  conduits,  sewers,  retain- 
ing walls,  bridge  piers  and  abutments.  Since  concrete  combines  dur- 
ability, strength,  and  cheapness,  and  ease  of  handling  under  most 
conditions,  it  makes  a  very  economical  material  and  is  a  promising 
competitor  of  brick  and  stone  in  all  form.s  of  masonry  construction. 

The  aggregate  of  concrete  may  consist  of  any  hard  material, 
but  for  most  purposes  either  broken  stone  or  gravel  is  used.  While 
it  is  conceded  that  an  aggregate  of  broken  stone  makes  a  stronger 
concrete  than  does  an  equal  proportion  of  gravel,  it  is  often  ad- 
visable for  the  sake  of  economy  to  choose  the  gravel  concrete.  If 
then,  gravel  is  used,  it  is  important  that  that  gravel  be  selected 
which  will  give  the  greatest  economy. 

The  three  qualities  of  gravel  generally  considered  to  be  of 
most  importance  in  making  concrete  are  durability,  fineness,  and 
cleanness.  Durability  depends  wholly  upon  the  kind  of  rock  compos- 
ing the  available  gravel,  and  cannot  be  controlled  by  the  engineer. 
However,  durable  gravel  may  be  recognised  by  proper  examination  and 


if  needed  for  special  purposes  may  bo  obtained.  Likev/ioe  the  prop- 
er fineness  of  gravel  is  agreed  to  be  that  which  wil]  give  minimum 
voids.  In  regard  to  cleanness,  however,  there  is  so  little  relia- 
ble information  that  engineers  disagree  radically  as  to  the  degree 
of  fineness  which  may  properly  be  demanded. 

It  is  important  to  know  just  how  much  clay  may  be  permitted 
in  gravel  without  materially  decreasing  the  strength  of  the  con- 
crete.    Gravel  when  taken  from  the  pit  often  contains  from  3  to  6 
per  cent  of  clay ,  and  not  infrequently  as  much  as  10  to  12  per  cent 
if  the  gravel  contains  an  undue  amount  of  clay,  one  of  three  rem- 
idies  may  be  employed,  viz.;    use  more  cement,  use  more  concrete, 
or  clean  the  gravel.     The  use  of  more  cement  or  of  more  concrete  is 
evidently  very  expensive  and  in  order  that  neither  may  be  necess- 
ary, many  specifications  allow  a  maximum  of  only  1  to  2  per  cent 
clay  in  the  gravel.     To  meet  such  requirements  it  is  necessary  in 
many  cases  to  resort  to  the  last  remedy    mentioned  above,  that  is, 
of  cleaning  the  gravel.     The  only  method  of  cleaning  gravel  is  by 
washing  it,  and  the  ways  of  doing  this  are  so  cumbersome  that  much 
time  is  consumed  in  the  operation.  The  cost  of  washing  gravel  in- 
creases faster  than  the  amount  of  clay  removed.     For  example ,  only 
little  expense  is  necessary  to  remove  all  but  about  6  or  even  4  per 
cent  of  the  clay,  while  the  cost  of  removing  all  but  1  or  2  per 
cent  is  very  great. 

Because  of  the  great  expense  involved  in  using  gravel  having 
only  2  per  cent  or  less  clay,  the  question  is  raised  whether  after 
all  it  might  not  be  more  economical  to  use  dirtier  gravel  and  allow 
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for  the  actual  decrease  in  strength  due  to  the  presence  of  the  clay. 
If  the  exact  effect  of  clay  upon  the  strength  of  concrete  were  def- 
initely known,  it  would  be  easy  to  calculate  the  excess  of  material 
necessary  for  any  particular  per  cent  clay  in  the  gravel,  Hov/ever, 
there  is  but  little  information  concerning  the  effect  of  clay  upon 
the  strength  of  concrete,  and  the  writer  knov/s  of  no  experiments  on 
this  subject.     This  lack  of  reliable  data  concerning  the  economic 
cleanness  of  gravel  for  use  in  concrete  induced  the  writer  to  make 
a  series  of  experiments  to  determine  the  effect  of  clay  upon  the 
strength  of  concrete. 

The  experiments  consisted  of  moulding  a  series  of  concrete 
cubes  containing  different  per  cents  of  clay,  and  afterwards  break- 
ing them  in  a  testing  machine. 

The  first  question  to  arise  was  whether  the  clay  contained  in 
the  different  series  should  vary  by  amounts  of  5  to  6  per  cent  or 
by  amounts  of  only  1  to  2  per  cent.     A  trial  test  indicated  that 
this  variation  should  be  at  least  by  amounts  of  4  or  5  per  cent  in 
order  to  show  clearly  the  effect  of  the  clay.    As  it  did  not  seera 
practicable  to  use  more  than  12  or  15  per  cent  clay,  it  was  decid- 
ed to  make  three  series  of  cubes,  the  first  to  contain  no  clay,  the 
second  to  contain  6  per  cent,  and  the  third  12  per  cent. 

In  order  thet  the  element  of  age  should  not  alter  the  results, 
it  was  decided  to  divide  each  of  these  series  into  three  groups, 
the  first  to  be  broken  at  the  age  of  one  v/eek,  the  second  at  the 
age  of  four,  and  the  third  at  twelve  weeks. 

The  third  question  v/as  concerning  the  number  of  cubes    to  be 


made  for  each  group  of  each  ceries.     The  greater  this    number  the 
leas  in  error  the  mean  strength  will  be,  on  account  if  accidents  in 
moulding  and  breaking.     But  on  account  of  the  limited  time  for  mak- 
ing these  experiments,  it  was  decided  lo  make  only  tViree  cubes  for 
each  group  of  eacVi  series. 

Thus  the  general  outline  for  work  was  to  make  three  series  of 
cubes  containing  respectively    0,  6,  and  12  per  cent  clay.     Each  of 
these  series  was  in  turn  to  be  divided  into  three  groups  to  season 
for  three  periods  of  time,    1,  4,  and  12  weeks,  respectively.  Each 
of  these  groups  was  to  consist  of  three  cubes ,  thus  making  twenty- 
seven  cubes  to  be  used  in  these  experiments. 

The  cement  used  in  these  experiments  was  Clark's  Utica  natural 
and  may  be  considered  as  a  standard  natural  cement.  The  gravel  con- 
taining 6  per  cent  clay  and  the  sand  containing  3.5  per  cent  clay 
were  hauled  from  near  Urbana,  111.  ,  and  were  typical  of  the  gravel 
and  sand  of  that  locality.  The  clay  used  for  increasing  the  amount 
contained  in  the  mixtures  was  taken  from  an  excavation  in  Champaign 
and  was  such  as  may  be  found  at  a  depth  of  about  three  or  four  feet 
below  the  ground  surface. 

The  forms  used  in  moulding  had  a  capacity  of  three  six- inch 
cubes  each.     They  were  made  of  heavy  1.5- inch  oak  and  were  so  bolt- 
ed that  no  springing  resulted  from  tamping  the  concrete  into  place. 

The  concrete  was  proportioned  by  weight  when  dry  in  the  ratio 
of  one  part  cement,  too  parts  sand,  and  four  parts  gravel.    In  case 
a  greater  per  cent  clay  was  required  than  was  contained  in  the  grav- 
el, pulverized  clay  was  added  in  amounts  calculated  to  give  the  prop- 
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er  per  cent.     The  clay  was  pulverized  to  pass  through  a  No,  74  sieve 
to  facilitate  its  mixing  well  with  the  other  materials.     After  be- 
ing weighed  out  the  materials  while  dry  v/ere  thoroughly  mixed  with 
a  hoe.     The  proper  amount  of  water  was  then  added  nnd  the  mass  was 
mixed  again  until  it  becam.e  of  e  uni'f^orm  plastisity. 

The  amounts  of  water  added  were  not  recorded,  but  care  was  tak- 
en to  give  a  uniform  placicity  to  the  different  mixtures. This  plas- 
ticity was  such  that  the  concrete  would  quake  after  l^eing  well  tarr?>- 
ed  into  the  forms ,  and  free  water  was  just  on  the  point  of  flushing 
to  the  surface. 

The  concrete  was  put  into  the  forms  in  layers  about  two  inches 
thick,  and  each  layer  was  well  tamped.     The  tamper  was  of  cast  iron 
weighing  about  eleven  pounds  and  had  a  striking  surface  two  inches 
square.     Uniform  tamping  was  obtained  by  dropping  this  weight  a  dis- 
tanse  of  about  five  inches,  about  one  hundred  times  per  layer. 

When  the  forms  had  been  tamped  full ,  the  top  of  each  cube  was 
given  a  careful  surfacing  with  a  trowel,     a  wet  cloth  was  then  plac- 
ed upon  each  form  to  prevent  too  speady  drying  of  the  concrete  and 
the  cubes  were  left  to  stand  for  about  thirty-six  hours. 

Immediately  after  being  removed  from  the  forms  the  cubes  were 
placed  in  a  tank  of  water  to  stand  until  their  respective  times  for 
being  tested.     This  tank  was  so  arranged  that  the  water  might  be 
frequently  changed,  and  the  cubes  v/ere  never  permitted  to  stand  in 
stale  water. 

The  cubes  were  crushed  in  an  Olsen  testing  machine  running  at 
slow  speed  and  applying  the  load  in  a  direction  normal  to  the  lay- 
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ers.     In  order  to  secure  oven  bedding  the  top  and  bottom    faces  of 
each  cube  were  given  a  thin  coat  of  plaster-of-paris    which  v/as  al- 
lowed to  set  under  pressure. 

The  results  of  the  tests  on  concrete  are  shovm  in    Table  1, 
on  the  following  page. 


TABLE  1. 

COMPARATIVE  GTHENGTH  OF  NATURAL- CEMENT  CONCRETE 
CONTAINING  VARIOUS  PROPORTIONS  OF  CIJVY. 
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H'piirHI  Y\cr 

Per  Cent 

O  w X  CI  1^  Oil 

Average 

Crushing 

Ref . 

of 

Crushing 

Relative 

of 

No. 

Strength 

Six-Inch 

Strength 

Clay 

Cube 

Strength 

Lbs. 

LdS, 

LD3, 

per  Sq.In, 

Age: 

1  Week. 

1 

7300 

0 

2 

7900 

7500 

208 

100 

3 

7300 

4 

4100 

6 

5 

4900 

4700 

131 

63 

6 

5000 

7 

3000 

12 

8 

2800 

2900 

81 

39 

9 

2800 

Age: 

4  V/eeks. 

10 

18300 

0 

11 

13400 

15400 

428 

100 

12 

14500 

13 

14200 

6 

14 

11500 

13100 

364 

85 

15 

13700 

16 

10000 

12 

17 

9000 

10200 

283 

66 

io 

11500 

Age: 

12  V/eeks. 

19 

28000 

0 

20 

29000 

28300 

786 

100 

21 

28000 

22 

27000 

6 

23 

26000 

26000 

722 

92 

24 

25000 

25 

17000 

12 

26 

16000 

17300 

480 

61 

27 

19000 
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The  experimonts  with  mortar  wore  undortakon  principally    as  a 
means  of  furnishing  a  check  on  the  concrete  teste.     The  general  out- 
line of  work  for  thic  part  of  the  experiments  was  to  make  five  ser- 
ies of  briquetts  containing  respectively    0,  3,  6,  9,  and  12,  per 
cents  clay.     Each  of  these  series  was  in  turn  to  be  divided  into 
three  groups  to  season  for  three  periods  of  time,  one,  four,  and 
twelve  weeks,  respectively.     Each  of  these  groups  was  to  consist  of 
five  briquetts,  making  seventy-five  briquetts  in  all. 

The  mortar  was  proportioned  by  weigut  when  dry,  in  the  ratio 
of  one  part  cement  to  two  parts  sand.     As  in  the  experiments  on 
concrete,  pulverized  clay  was  added  to  the  dry    mixtures  in  amounts 
calculatad  to  give  the  proper  per  cents  clay.     After  being  thorough- 
ly mixed  while  dry,  the  materials  were  y/etted  and  mixed    until  a 
plasticity  was  obtained,  such  that  after  the  mortar  was  tamped  in- 
to the  moulds  free  water  was  just  on  the  point  of  flushing  to  the 
surface. 

The  mortar  was  put  into  the  moulds  in  layers  about  one-half 
inch  thick,  and  the  layers  were  uniformly  tamped  with  a  stick  of 
wood  having  a  striking  surface  about  one-half  inch  square.  V/hen 
the  moulds  had  been  tamped  full,  the  top  of  each  briquett  was  well 
surfaced  with  a  trowel.     When  removed  from  the  gangs  the  briquettes 
were  placed  in  a  tank  which  was  frequently  supplied  with  fresh  wat- 
er. 

When  broken  in  a  Fairbank's  testing  machine  the  briquettes 
had  developed  tensile  strengths  as  shown  in  Table  2, 


TABLE  2. 

COMPARATIVE  STRENGTH  OF  NATURAL- CEMENT  MORTAR 
CONTAINING  VARIOUS  PROPORTIONS  OF  CLAY. 


Ref.  No. 

Per  Cent 
Clay 

Breaking 
Lbs.  per 

Strength 
Sq.  Inch. 

Relative 

Max, 

Min. 

Mean  of  Five 

Strength 

1  Week. 

1 

U 

71 

r  JL 

65 

68 

iUU 

2 

3 

120 

114 

117 

172 

3 

6 

111 

89 

101 

149 

A 

Q 

111 

91 

99 

R 

w 

Jl.iC 

72 

60 

65 

•J  D 

Age: 

4  Weeks. 

6 

0 

160 

147 

152 

100 

O 

211 

172 

199 

lO  1 

8 

6 

232 

210 

219 

144 

9 

9 

175 

164 

170 

112 

10 

12 

151 

140 

146 

96 

Age: 

12  Weeks. 

11 

0 

195 

153 

170 

100 

12 

3 

222 

200 

214 

126 

13 

6 

261 

240 

252 

148 

14 

9 

245 

205 

230 

135 

15 

12 

225 

206 

211 

124 

The  results  of  the  tests  on  concrete  indicate  that  up  to    5  or 
6  per  cent,  the  weakening  influence  of  clay  is  not  great.  Beyond  5 
or  6  per  cent  the  injurious  effect  increases  more  rapidly  than  the 
amount  of  clay. 

The  tests  on  mortar  agree  more  closely  than  those  on  concrete 
and  indicate  that  clay  up  to  5  or  6  per  cent  is  not  only  not  injur- 
ious but  is  even  beneficial  to  the  strength  of  aiortar. 

The  tamping  of  concrete  has  much  to  do  with  its  strength,  and 
in  considering  the  effect  of  clay  in  the  mixture,  it  may  be  well  to 
note  here  the  difference  observed  in  the  action  of  different  mixt- 
ures under  the  tamping  iron.     The  ease  of  tamping  is  greater  for 
the  4  or  6  per  cent  clay  mixtures  than  for  either  the  clean  or  10 
or  12  per  cent.     Tamping  the  clean  material  more  nearly  approach- 
es the  case  of  tamping  marbles,  not  because  the  voids  are  not  fill- 
ed but  because  the  adjacent  surfaces  are  clean  and  the  friction  is 
thus  reduced  so  that  it  becomes  difficult  to  compact  the  mass.  In 
the  10  or  12  per  cent  mixtures  clay  is  present  in  excess  of  the  a- 
mount  required  to  prevent  the  slipping  of  the  aggregate  under  the 
tamper,  and  as  a  result  some  of  the  clay  is  forced  toward  the  sur- 
face and  clings  to  the  tamper  so  that  tamping  becomes  a  difficult, 
as  well  as  a  dis  agreeable  task. 

In  preparing  for  these  tests  the  sand  and  gravel  were  washed 
in  a  tub,  and  although  yhe  method  jjj^s  crude,  a  rough  estimate  could 
be  made  as  to  the  relative  cost  of  removing  much  or  little  clay. 
The  cost  of  removing  all  except  about  4  or  6  per  cent  clay  would  be 
small  as  compared  with  the  expense  incurred  in  removing  all  but  a- 


11 

bout  1  or  2  per  cent. 

From  these  experiments  it  may  be  concluded  that  since  the 
strength  of  concrete  is  not  much  impaired  by  even  6  per  cent  clay, 
and  since  the  cost  of  cleaning  sand  and  gravel  to  contain  only  a 
small  per  cent  is  very  great,  it  is  probably  more  economical  to  use 
a  little  more  material  in  the  work  for  the  sake  of  avoiding  the 
trouble  and  expense  of  removing  all  the  clay  contained  in  the  ma- 
terial available.     In  other  words  these  tests  indicate  that  it  is 
unwise  to  specify  for  any  concrete  work  a  minimum  of  less  than  4 
or  possibly  5  per  cent  clay  in  the  sand  and  gravel  used,  when  any 
considerable  expense  would  be  incurred  to  obtain  cleaner  material. 
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